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20.  Abstract 


Pursuant  to  Public  Law  92-367,  Phase  I Inspection  Reports  are  prepared 
under  guidance  contained  in  the  recomnended  guidelines  for  safety 
inspection  of  dams,  published  by  the  Office  of  Chief  of  Engineers, 
Washington,  D.  C.  2031**.  The  purpose  of  a Phase  I investigation  is 
to  identify  expeditiously  those  dams  which  may  pose  hazards  to  human 
life  or  property.  The  assessment  of  the  general  conditions  of  the  dam 
is  based  upon  available  data  and  visual  inspections.  Detailed 
investigation  and  analyses  involving  topographic  mapping,  subsurface 
investigations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a Phase  I investigation;  however,  the 
investigation  is  intended  to  identify  any  need  for  such  studies. 


Based  upon  the  field  conditions  at  the  time  of  the  field  inspection 
and  all  available  engineering  data,  the  Phase  I report  addresses  the 
hydraulic,  hydrologic,  geologic,  geotechnie,  and  structural  aspects  of 
the  dam.  The  engineering  techniques  employed  give  /a  reasonably 
accurate  Assessment  of'  the  conditions  of  the  dam.  ' It  should  be 
realized  that  certain  engineering  aspects  cannot  be  fully  analyzed 
during  a Phase  I inspection.  Assessment  and  remedial  measures  in  the 
report  include  the  requirements  of  additional  indepth  study  when 
necessary. 


Phase  I reports  include  project  information  of  the  dam  and 
appurtenances,  all  existing  engineering  data,  operational  procedures, 
hydraulic/hydrologic  data  of  the  watershed,  dam  stability,  visual 
inspection  report  and  an  assessment  including  required  remedial 
measures. 
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BY 
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This  report  is  prepared  under  guidance  contained  in  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I Investigations. 
Copies  of  these  guidelines  may  be  obtained  from  the  Office  of  the  Chief 
of  Engineers,  Washington,  D.C.  20314.  The  purpose  of  a Phase  I investi- 
gation is  to  identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property.  The  assessment  of  the  general  condition  of  the 
dam  is  based  upon  available  data  and  visual  inspections.  Detailed  in- 
vestigation and  analyses  involving  topographic  mapping,  subsurface 
investigations  testing,  and  detailed  computational  evaluations  are  beyond 
the  scope  of  a Phase  I investigation;  however,  the  investigation  is 
intended  to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions  at  the 
time  of  inspection  along  with  data  available  to  the  inspection  team.  In 
cases  where  the  reservoir  was  lowered  or  drained  prior  to  inspection,  such 
action,  while  improving  the  stability  and  safety  of  the  dam,  removes  the 
normal  load  on  the  structure  and  may  obscure  certain  conditions  which 
might  otherwise  be  detectable  if  inspected  under  the  normal  operating 
environment  of  the  structure. 


It  is  important  to  note  that  the  condition  of  a dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions,  and  is 
evolutionary  in  nature.  It  would  be  incorrect  to  assume  that  the  present 
condition  of  the  dam  will  continue  to  represent  the  condition  of  the  dam 
at  some  point  in  the  future.  Only  through  continued  care  and  inspection 
can  there  be  any  chance  that  unsafe  conditions  be  detected. 


Phase  I inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  guidelines, 
the  spillway  design  flood  is  based  on  the  estimated  "Probable  Maximum 
Flood"  for  the  region  (flood  discharges  that  may  be  expected  from  the 
most  severe  combination  of  critical  meteorologic  and  hydrologic  conditions 
that  are  reasonably  possible),  or  fractions  thereof.  Because  of  the 
magnitude  and  rarity  of  such  a storm  event,  a finding  that  a spillway 
will  not  pass  the  design  flood  should  not  be  interpreted  as  necessarily 
posing  a highly  inadequate  condition.  The  design  flood  provides  a 
measure  of  relative  spillway  capacity  and  serves  as  an  aide  in 
determining  the  need  for  more  detailed  hydrologic  and  hydraulic  studies, 
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Name  of  Dam:  Upper  North  River  No.  76  Dan,  Va.  No.  1506 

State:  Virginia 

County:  Augusta  County 

USGS  Quad  Sheet:  Stokesville 

Coordinates:  Lat  38°  - 19.6*  Lona  79°  - 13.25' 

Stream:  Upper  North  River 

Date  of  Inspection:  December  13.  1978 

BRIEF  ASSESSMENT  OF  DAM 

Upper  North  River  No.  76  is  a zoned  earthfill  structure 
about  824  ft  long  and  118  ft  high.  The  principal  spillway 
consists  of  twin  42-inch  prestressed  cylinder  concrete  pipes 
which  extend  through  the  structure.  Water  is  discharged 
into  the  principal  spillway  through  a reinforced  concrete 
riser  and  is  expelled  into  a riprap  — lined  stilling  basin 
along  the  downstream  toe  of  the  dam.  The  emergency  spillway 
is  a 215  ft  wide  vegetated  earth  and  riprap  side  channel  spill- 
way. The  dam  is  located  on  the  Upper  North  River  about  8 miles 
southwest  of  the  community  of  Stokesville,  Vav  and  was  constructed 
f.of  flood  control  and  recreation.  The  dam  was  designed  and 

constructed  under  the  supervision  of  U.S.  Soil  Conservation 
Service,  cooperating  with  the  Shenandoah  Valley  Soil  Con- 
servation District,  City  of  Staunton.  The  City  of  Staunton, 

Va.'v*  has  a special  land  use  permit  with  the  U.S.  Forest  Service 
for  the  construction  and  operation  of  the  dam. 

The  dam  will  pass  the  probable  maximum  flood  (PJ1F)  . 
Therefore,  based  on  criteria  established  by  the  Department 
of  the  Army,  Office  of  the  Chief  of  Engineers  (OCE) , the 
spillway  is  rated  adequate. 
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The  visual  inspection  revealed  no  apparent  problems 
and  there  are  no  immediate  needs  for  remedial  measures. 

The  actual  embankment  structure  appears  to  be  similar  to  the 
"as  built"  drawings.  We  do  recommend  that  vegetation  be 
routinely  controlled.  The  slopes,  the  crest  of  the 

s true ture,  and  the  spillway  should  be  mowed  several  times  a 
year  and  existing  small  trees  or  saplings  removed  at 
least  once  a year.  The  slopes  of  the  dam  meet  the  requirements 
recommended  by  the  U.S.  Bureau  of  Reclamation  for  zoned 
earthfill  dams.  A summary  of  the  stability  analysis  of 
the  upstream  and  downstream  slopes  under  rapid  drawdown  and 
steady  seepage  conditions  was  reviewed  and  assumptions,  test 
data,  and  the  resultant  factors  of  safety  were  found  to  be 
acceptable. 
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Original  signed  by, 
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Approved: 
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Original  signed  by 
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Date: 


Zane  M.  Goodwin,  P.E. 
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OVERALL  VIEW  - ELKHORN  LAKE 
(View  from  the  West) 


OUTLET  STRUCTURES  - ELKHORN  LAKE 
(View  from  the  East) 


- — __  -< 

PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
UPPER  NORTH  RIVER  NO.  76  DAM  VA.  # 1506 
(ELKHORN  LAKE  DAM) 

SECTION  1 - PROJECT  INFORMATION 

1.1  General : 

1.1.1  Authority:  Public  Law  92-367,  8 August  1972,  author- 
ized the  Secretary  of  the  Army,  through  the  Corps  of  Engineers, 
to  initiate  a national  program  of  safety  inspections  of 
dams  throughout  the  United  States.  The  Norfolk  District 
has  been  assigned  the  responsibility  of  supervising  the 
inspection  of  dams  in  the  Commonwealth  of  Virginia. 

1.1.2  Purpose  of  Inspection:  The  purpose  is  to 
conduct  a Phase  I inspection  according  to  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams  (see  Reference  1, 

Appendix  VI) . The  main  responsibility  is  to  expeditiously 
identify  those  dams  which  may  be  a potential  hazard  to 
human  life  or  property. 

1 . 2 Project  Description: 

1.2.1  Dam  and  Appurtenances:  Upper  North  River  Dam  No. 

76  is  a zoned  earth-fill  structure  about  824  feet  long  and 
118  feet  high.  The  top  of  the  dam  is  28  feet  wide  and  is  at 
elevation  2084.0  ft  M.S.L.  Side  slopes  are  2.5  horizontal  to 
1 vertical  (2.5:1)  on  the  downstream  side  and  3:1  on  the 
upstream  side.  Ten  foot  wide  berms  exist  on  the  downstream  and 
upstream  slopes  at  El  2025  and  2017,  respectively. 

The  principal  spillway  consists  of  twin  42-inch  diameter 
prestressed  cylinder  reinforced  concrete  pipes,  running  through 
the  dam.  Discharge  into  the  conduits  is  provided  by  a 9 x 10.5  ft 


reinforced  concrete  riser  with  an  inlet  crest  elevation  of 
2015.5  M.S.L.  The  riser  has  three  inlets,  each  at  a different 
elevation,  located  below  the  inlet  crest.  The  inlets  are 
used  for  low  flow  discharges  or  to  drain  the  lake  depending 
on  sediment  buildup.  The  riser  is  founded  on  sandstone 
and  mudstone  bedrock. 

The  emergency  spillway,  which  is  a vegetated  earth 
channel  having  a bottom  width  of  215  feet,  has  a crest 
elevation  of  2070.0  M.S.L. , which  is  14  feet  below  the 
top  of  the  dam.  The  emergency  spillway  is  in  cut  on  the 
right  side  and  on  fill  on  the  left  side,  and  is  located 
off  the  right  end  of  the  dam.  The  emergency  spillway  has 
a vegetative  cover  in  all  areas  except  where  excavated 
rock  forms  the  channel.  The  spillway  has  variable  side 
slopes  of  about  1.25:1  to  2.5:1.  The  cut  area  of  the 
emergency  spillway  is  in  weathered  sandstone,  shale, 
and  mudstone  bedrock.  This  information  can  be  found  in 
Appendix  I,  titled  "Maps  and  Drawings",  contained  in  this 
report. 

1.2.2  Location : Upper  North  River  Dam  No.  76  is 
located  on  Upper  North  River  about  eight  miles  southwest 
of  the  community  of  Stokesville,  Virginia.  The  reservoir 
formed  by  the  dam  is  known  locally  as  Elkhorn  Lake.  (See 
Sheet  1,  Appendix  I) . 


1.2.3  Size  Classification:  The  dam  is  classified  as  a 
"large"  size  structure  because  of  the  dam  height  of  118  feet. 


1.2.4  Hazard  Classification:  The  dam  is  located  in  a 
rural  and  heavily  forested  area.  However,  based  upon 

the  close  downstream  proximity  of  Staunton  Dam  (the  principal 
water  supply  source  for  the  City  of  Staunton) , the  dam  is 
assigned  a "High”  hazard  classification.  The  hazard 
classification  used  to  categorize  dams  is  a function  of  lo- 
cation only  and  has  nothing  to  do  with  its  stability  or 
probability  of  failure. 

1.2.5  Ownership : The  City  of  Staunton  has  a 
special  land  use  permit  with  the  U.S.  Forest  Service 
for  the  construction  and  operation  of  the  dam. 

1.2.6  Purpose : Flood  Control  and  Recreation 

1.2.7  Design  and  Construction  History:  The  dam  was 
designed  and  constructed  under  the  supervision  of  the 
U.S.  Soil  Conservation  Service.  Responsibility  for 
construction  was  by  Shenandoah  Valley  Soil  Conservation 
District  and  the  City  of  Staunton,  during  1962-1963.  The  dam 
was  completed  in  1965. 

1.2.8  Normal  Operational  Procedures:  The  principal 
spillway  is  ungated,  therefore,  water  rising  above  the 
crest  of  the  drop  inlet  automatically  is  discharged 
downstream  in  quantities  based  on  the  inlet  capacity. 
Similarly,  water  is  automatically  passed  through  the 
emergency  spillway  in  the  event  of  an  extreme  flood  which 
creates  a pool  elevation  above  that  of  the  emergency 
spillway . 


6 


1.3  Pertinent  Data: 


1.3.1  Drainage  Areas:  The  original  design  (SCS) 
indicated  a drainage  area  of  27.1  square  miles  which  has 
been  verified  and  found  to  be  reasonable. 

1.3.2  Discharge  at  Dam  Site:  Maximum  known  flood  at  the 
dam  site  occurred  in  1972.  Inflow  was  approximately  2400 
CFS  and  all  discharge  was  through  the  principal  spillway. 

Principal  Spillway: 

Pool  Elevation  at  Emergency  Spillway  Crest  805  CFS 

Pool  Elevation  at  Crest  of  Dam  862  CFS 

Emergency  Spillway: 

Pool  at  Crest  of  Dam  41,200  CFS 

1.3. 3 Dam  and  Reservoir  Data:  See  Table  1.1,  below. 

Table  1.1  DAM  AND  RESERVOIR  DATA 

Reservoir  ~ 

Elevation  Capacity 

feet  Area  Acre  Watershed  Length 


Item 

M.S.L. 

Acres 

Feet 

Inches (a) 

Miles 

Crest  of  dam 

2084.0 

274 

10, 500(b) 

7.6 

$ 

1.4 

Maximum  pool,  design 

surcharge 

2074.7 

227 

8, 090(b) 

5.59 

1.2 

Emergency  spillway 

crest 

2070 

221 

7, 020(b) 

4.85 

1.1 

Principal  Spillway 

crest 

2015.5 

53.5 

3,066 

3.5 

0 . 5 

Streambed  at  Center- 

line  of  dam  19  66 


(a)  Based  on  27.1  sq.md. 

(b)  From  top  of  sediment  pool 


SECTION  2 - ENGINEERING  DATA 

2.1  Design:  The  dam  was  designed  and  constructed 
under  the  direction  of  the  U.  S.  Soil  Conservation  Service 
4SCS)  and  was  sponsored  by  the  City  of  Staunton.  As-built 
drawings  and  design  data  are  available  in  the  office  of  the 
State  Conservationist,  U.  S.  Soil  Conservation  Service,  Federal 
Building,  Room  9201,  5th  and  Marshall  Streets,  Richmond, 

Virginia  23240. 

A subsurface  investigation  was  conducted  at  the  site  by 
the  SCS  during  the  initial  design  stages.  The  investigation 
consisted  of  drilling  26  test  borings  and  excavating  40 
test  pits.  Subsurface  profiles  and  a report  of  the 
investigation  with  foundation  recommendations  were  prepared 
based  upon  permeability  tests,  test  boring,  and  test  pit 
data.  The  geologic  report  is  available  at  the  above  referenced 
SCS  office.  Subsurface  profiles  are  shown  on  Sheet  5, 

Appendix  I. 

The  dam  is  a zoned,  compacted  earthfill  embankment. 

The  design  recommendations  shown  on  Sheet  1,  Appendix  I, 
specify  that  SM  or  SC  materials  be  used  in  the  core  or 
Section  No.  1 of  the  dam.  On  the  downstream  side,  the 
core  is  blanketed  with  a 20  ft+  thick  zone  of  GM  and  GW 
material,  designated  Section  No.  2.  Section  No.  2 is 
covered  by  Section  No.  3,  which  consists  of  coarse  GW 
material.  The  upstream  portion  of  the  core  is  overlain 
with  finer  GW  material  designated  Section  No.  4.  A thin 
zone  of  finer  GW  material  is  located  behind  the  downstream 
toe  drain  and  is  designated  Section  No.  4-A.  The  pervious  down- 
stream shell  of  Section  No's.  2 and  3 control  the  phreatic  surface. 


8 


A review  of  design  drawings  indicates  the  dam  is  founded 
on  overburden  and  includes  a cutoff  trench  which  extends 
approximately  1 ft+  into  bedrock.  Both  abutments  are 
described  as  being  water-tight,  however,  some  water  leakage 
was  expected,  principally  through  fracture  zones  in  the 
rock  beneath  the  dam.  This  was  not  considered  critical  in 
the  design  report  and  the  possibility  of  piping  was  not 
believed  a problem  due  to  the  hardness  of  the  rock. 

To  control  the  phreatic  water  surface  and  to  collect 
seepages,  a rock  toe  drain  was  constructed  along  the 
downstream  portion  of  the  dam.  This  drainage  system  consists  of 
a trench  10  ft  wide  at  its  base  and  a minimum  8 ft  deep, 
filled  with  material  graded  in  size  from  1 to  24  inches.  Twenty- 
three  reinforced  concrete  anti-seep  collars  (see  Sheet  8,  Appendix 
I)  were  installed  around  the  principal  spillway  pipes,  under  the 
entire  dam  and  spaced  at  24  ft  intervals  in  order  to  control 
any  potential  piping  problems  along  the  pipes.  Riprap 
gutters  approximately  1.5  ft  thick  and  ranging  from  9 to  15 
ft  in  width  were  constructed  adjacent  to  both  abutments  to 
control  local  surface  runoff. 

The  emergency  spillway  located  adjacent  to  the  right 
abutment  was  formed  by  making  a side  hill  cut  into  residual 
soils  and  bedrock  consisting  primarily  of  very  fine  silty 
sandstone.  Shale  and  mudstone  were  also  probably  encountered 
during  excavation.  Design  drawings  indicate  compacted  fill 
was  placed  locally  to  bring  low  areas  in  the  spillway  up  to 
design  grade.  A berm  was  also  constructed  to  form  the  left  side 

of  the  spillway  which  is  riprap  lined. 
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The  design  report  includes  detailed  laboratory  test  data 
describing  the  physical  properties  of  the  materials  used  to 
construct  the  embankment.  Shear  strength  parameters  used  in 
design  for  the  core,  shell,  and  foundation  material  were 
determined  by  triaxial  compression  tests  as  follows: 

SECTION  SHEAR  STRENGTH  PARAMETERS 


Angle  of  Internal  Friction  Cohesion 


Core 

23.5° 

C = 

500 

psf 

31.5° 

C#  = 

350 

psf 

Shell 

s 

38.7° 

C = 

0 

Foundation 

1 

s 

36.0° 

c = 

0 

The  Modified  Swedish  Circle  Method  of  Analysis  was  used  and 
included  evaluation  of  1)  the  end  of  construction  case,  2)  the 
sudden  drawdown  case  (I) , and  3)  the  steady  seepage  case  (III) . 
Both  effective  and  total  strength  parameters  were  utilized  as 
dictated  by  the  stability  condition. 

2.2  Construction : The  construction  records  were  not 
furnished  by  the  SCS  office  in  Richmond,  but  they  are  available 
from  the  SCS  office  in  Washington,  D.C. 

2.3  Operation : There  is  no  known  operation  and  instrumenta- 
tion procedure. 


2.4  Evaluation:  Engineering  calculations  are  adequate 
and  the  design  drawings  are  representative  of  the  dam.  There 
are  no  records  available  for  dam  performance. 


SECTION  3 - VISUAL  INSPECTION 


3. 1 General : 

An  inspection  was  made  13  December  1978  and  the 
weather  was  partly  cloudy  with  a temperature  of  45°F.  The 
pool  elevation  at  the  time  of  inspection  was  2015.75  M.S.L. 
and  the  tailwater  elevation  was  1966.5  M.S.L. , which  corresponds 
to  normal  flows. 

3.2  Findings:  Field  observations  are  outlined  in 

t 

Appendix  III. 

3.2.1  Dam  and  Spillway:  There  is  tree  and  tall  grass 
growth  on  the  embankment  and  on  the  emergency  spillway. 

Wet  spots  were  observed  along  the  drainage  berm  located  at 
El  2026+  on  the  downstream  slope  of  the  structure.  An  area 
of  damp  soil  was  also  located  about  20  ft  right  of  the  left 
abutment  and  about  50  ft. downstream  of  the  drainage  berm.  Inlet 
structure  and  outlet  works  are  in  good  condition. 

3.2.2  Reservoir  Area:  Shoreline  has  no  debris  collection 
on  banks  or  vegetation  growth  along  shoreline  in  the  water. 

Bank  slopes  are  approximately  2:1  and  show  no  sloughing  or 
surface  erosion.  Inlet  and  outlet  works  show  no  deterioration. 

3.2.3  Downstream  Area:  Staunton  Dam  is  located  approxi- 
mately 9,000  feet  downstream  from  Elkhorn  Lake  Dam  and  the 
U.S.G.S.  mapping  of  the  downstream  area  indicates  no  inhabited 
dwelling  in  the  region. 

3.3  Evaluation:  Overall,  the  dam  was  in  good  condition 
at  the  time  of  inspection.  However,  some  minor  remedial  measures 
are  required.  Uncontrolled  growth  encourages  the  development  of 
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deep  rooted  vegetation.  This  type  of  growth  can  encourage  piping 


within  the  embankment  and  undermine  riprap  protection.  Also, 
excessive  growth  inhibits  effective  visual  inspections  of  the 
dam.  The  embankment,  including  its  crest,  slopes,  and 
emergency  spillway,  should  be  mowed  at  least  once  a year,  but 
more  preferably  twice  a year.  Small  trees  presently  growing 
near  the  left  abutment  and  on  the  downstream  slope  should  be 
removed. 

Wet  spots  observed  along  the  drainage  berm  on  the 


downstream  slope  are  probably  the  result  of  recent  ponding 
from  precipitation,  and  runoff  along  low  areas  in  the  berm. 
The  general  location  of  these  wet  spots  is  illustrated  on 


f 
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Sheet  2 in  Appendix  I.  These  wet  spots  occur  at  El  2026+ , 
while  normal  pool  is  at  El  2015.5,  therefore,  they  are  not 
the  result  of  seepage.  The  downstream  berm  slopes  toward 
both  abutments  to  the  riprap  gutters,  thus  providing  an 
adequate  drainage  system  for  collecting  runoff.  If  increased 
ponding  continues  in  the  future,  local  grading  may  be  required 


to  allow  better  drainage  of  this  berm. 

The  area  of  damp  soil  illustrated  on  Sheet  2,  Appendix  I, 


SECTION  4 - OPERATIONAL  PROCEDURES 


L 


4 . 1 Procedures: 

Elkhorn  Lake  is  used  as  a source  of  water  supply  for  the 
City  of  Staunton  and  for  flood  control  purposes  for  Staunton 
Dam  approximately  2 miles  downstream.  The  normal  pool  elevation 
is  maintained  by  a riser-type  inlet  acting  as  the  principal 
spillway.  During  periods  of  below-normal  flows,  water 
flow  is  maintained  through  the  dam  by  utilizing  the  valved  inlets 
below  the  spillway  crest.  Operation  of  these  inlets  will 
lower  the  pool  elevation  below  the  spillway  crest  but  will 
ensure  flow  to  the  City  of  Staunton  water  intake  at  Staunton 
Dam.  During  periods  of  above  normal  flows  the  pool  elevation 
rises  above  the  riser  inlet  increasing  the  flow  through  the 
inlet.  Large  increases  in  inflows  which  cannot  be  absorbed 
by  storage  are  passed  through  the  emergency  spillway  when 
the  pool  rises  above  elevation  2070. 

4.2  Maintenance  of  Dam  and  Appurtenances:  The  maintenance 
is  the  responsibility  of  the  City  of  Staunton  and  appears 

to  be  performed  well.  The  operating  appurtenances  are  in 
good  working  order,  however,  the  vegetative  growth  on  the  embank- 
ment has  not  been  maintained  in  the  past  year. 

4.3  Warning  System:  No  warning  system  exists.  As  noted, 
no  inhabitable  structures  exist  between  this  structure  and 
Staunton  reservoir. 

4.4  Evaluation:  The  dam  and  appurtenances  are  in  good 
operating  condition  and  maintenance  is  being  routinely  performed 
except  on  the  vegetative  cover  of  the  embankment.  A mowing 

routine  should  be  established  and  all  trees  removed  from  embankments. 

13 
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SECTION  5 - HYDRAULICS/HYDROLOGIC  DESIGN 

5.1  Design;  The  Upper  North  River  Dam  (Elkhorn  Dam) 
was  designed  by  the  Soil  Conservation  Service  (SCS)  as  a 
multipurpose  dam  and  complete  hydrologic  and  hydraulic  data 
is  available.  This  structure  is  a Class  "C"  dam  by  the  SCS 
classification  method. 

The  crest  of  the  riser  of  the  principal  spillway  was 
established  at  elevation  2015.5  M.S.L.j  which  would 
provide  storage  for  a sediment  pool  and  provide  recreation 
(fishing  and  aesthetics) . The  capacity  of  the  control  structure 
was  established  to  maintain  a pool  elevation  below  the  emer- 
gency spillway  during  a 100-year  flood.  The  emergency  spillway 
is  designed  to  accomodate  the  Probable  Maximum  Flood  (PMF) 
without  overtopping  of  the  dam. 

5.2  Hydrologic  Records:  There  is  a gaging  station 
(1-6205)  approximately  one  mile  upstream  of  the  structure  on 
the  North  River  measuring  flow  from  17.2  square  miles. 

Records  for  this  station  have  been  maintained  since  1947 

by  the  U.S.  Geological  Survey.  Some  of  the  highest  discharges 
recorded  at  this  gaging  station  are  11,100  CFS  in  1949,  and  2400 
CFS  in  1972. 

5.3  Flood  Experience:  The  maximum  pool  elevation  observed 
was  reached  during  a storm  in  October  1972.  The  gaging  station 
immediately  upstream  indicated  a flow  of  2400  CFS  on  October  5, 
1972. 
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5.4  Flood  Potential:  The  Probable  Maximum  Flood 
(PMF)  , *s  PMF,  and  100-year  Flood  hydrographs  were 
developed  by  the  SCS  method  (Reference  4,  Appendix  VI  ) . 
Precipation  amounts  for  the  flood  hydrographs  of  the 
PMF,  *s  PMF,  and  100-year  Flood  were  taken  from  the 

U.  S.  Weather  Bureau  information  (References  5 & 6, 

Appendix  VI).  Appropriate  adjustments  for  basin  size 
and  shape  were  accounted  for  and  emergency  spillway 
hydrograph  determination  procedures  as  outlined  in 
Reference  5;  Appendix  VI  were  used  for  the  flood 
hydrographs.  These  hydrographs  were  routed  through 
the  spillway  to  determine  maximum  pool  elevations. 

5.5  Reservoir  Regulation;  The  principal  spillway 
is  a riser- type  control  structure  with  a combined 
throat  opening  of  21  linear  feet.  This  structure 
passes  water  through  two  42-inch  concrete  pipes. 

The  principal  spillway  maintains  a normal  pool  elevation 
of  2015.5  and  has  gates  at  elevations  2005,  1995,  and 
1979  for  purposes  of  dewatering  and  maintaining  flow  during 
periods  of  extreme  low  flow.  During  periods  of  flooding,  the 
principal  spillway  is  designed  to  accommodate  the  100-year 
Flood  with  9'+  freeboard  on  the  emergency  spillway. 

Stream  flows  in  excess  of  the  100-year  Flood  are 
passed  through  the  emergency  spillway  at  elevation  2070. 

For  routing  purposes  the  pool  elevation  at  the  beginning  of 
the  flood  was  assumed  to  be  2015.5.  Reservoir  stage- 
storage  data  and  stage-discharge  data  were  taken  from  the 


15 


i| 


k 


! 


SCS  hydraulic  calculations  available.  Floods  were  routed 
through  the  reservoir  using  the  principal  spillway  discharge 
up  to  a pool  storage  elevation  of  2070  and  a combined 
principal  and  emergency  spillway  discharge  for  pool 
elevations  above  2070. 

5.6  Overtopping  Potential;  The  predicted  rise 


of  the  reservoir  pool  and  other  pertinent  data  were 
determined  by  routing  the  flood  hydrographs  through  the 
reservoir  as  previously  described.  The  results  for 
the  two  flood  conditions  (PMF,  % PMF,  and  100-year  Flood) 
are  shown  in  the  following  Table  5.1. 


Table  5.1  RESERVOIR  PERFORMANCE 


Normal 

Flow 

Hydrograph 

100-Yr 

h PMF 

PMF 

Peak  flow,  C.F.S. 

Inflow 

9284 

18,446 

43,700 

Outflow 

708 

803 

36,232 

Maximum  Elevation, 

ft  M.S.L. 

2015.5 

2048.14 

2069.63 

2082.94 

Freeboard  (ft  ) 

35.86 

14.37 

1.06 

Emergency  Spillway 
(El  2070) 

Depth  of  flow,  ft 
Duration,  hours 
Velocity,  F.P.S. 

N/A 

N/A 

N/A 

12.94 

1.0 

20.75 

Principal  Spillway 
(El  2015.5) 

Head,  ft 

32.64 

96 

110 

Duration,  hours 

N/A 

4.0 

3.  0 

1.0 

Velocity,  F.P.S. 

Tailwater  Elevation 

9 

39 

41.8 

45 

ft  M.S.L. 

1966. 

5*  1968.75 

1968.9 

1986.5 

*This  is  the  tailwater  elevation  observed  during 
inspection  and  it  corresponds  to  a normal  flow. 
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5.7  Reservoir  Emptying  Potential:  A 36-inch 
circular  gate  at  elevation  1979.0  will  drain  the 
reservoir  through  two  42-inch  aqueducts.  Assuming 
that  the  lake  is  at  normal  pool  elevation  (2015.5) 
and  an  average  inflow  of  21  CFS  is  maintained,  it 
would  take  approximately  2.5  days  to  lower  the 
reservoir  to  elevation  1979.0.  There  are  no  methods  for 
lowering  the  reservoir  below  this  elevation. 

5.8  Evaluation;  Flood  routing  calculations 
indicate  that  the  reservoir  will  rise  to  within  one 
foot  of  the  top  of  the  earth  embankment  for  the  PMF  and 
discharge  for  a period  of  1 hour  at  a velocity  of  17.5  feet 
per  second.  Hydrologic  and  hydraulic  determinations  of 
the  project  as  prepared  by  the  SCS  appear  reasonable . 

The  appropriate  spillway  design  flood  is  the  PMF  due  to 
the  "High"  hazard  conditions  existing  downstream.  The 
emergency  spillway  will  pass  100  per  cent  of  the  PMF. 

Hydrologic  data  used  in  evaluation  pertain  to 
present  day  conditions  with  no  consideration  given  to  future 
development- 
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SECTION  6 - DAM  STABILITY 


6.1  Foundation  and  Abutments:  Upper  North  River  Dam 
No.  76  is  founded  on  alluvial,  colluvial  and/or  residual 
soils,  all  of  which  are  underlain  by  the  Hampshire  Formation. 

The  structure  includes  a 20  to  50  ft+  wide  cutoff  trench, 
which  extends  to  bedrock.  The  principal  spillway  is  founded 
primarily  on  sandstone,  however,  the  outlet  is  underlain  by 
sandy  mudstone.  The  emergency  spillway  is  in  cut  material, 
which  included  weathered  sandstone,  siltstone  and  mudstone. 
"As-built"  drawings  of  these  various  areas  are  shown  on 
Sheets  2 and  5,  Appendix  I.  The  test  boring  and  test  pit 
logs  are  included  as  Sheets  3 and  4,  Appendix  I. 

The  dam  site  is  located  within  the  Valley  and  Ridge 
Physiographic  Province  of  Virginia,  which  is  underlain  by  sedimen- 
tary rocks  from  Middle  Cambrian  through  Early  Mississippian 
age  (see  Reference  3,  Appendix  VI) . In  the  Staunton  area, 
the  province  consists  of  the  Shenandoah  Valley  to  the  east 
and  a series  of  much  narrower  valleys  and  intervening  ridges 
to  the  west.  The  eastern  portion  of  the  province  includes 
southeastward-dipping  thrust  faults  and  asymetric  folds, 
which  are  overturned  to  the  northwest.  More  open  folds 
are  common  in  the  central  and  western  areas.  Most  ridges  are 
"held  up"  by  sandstones  and  conglomerates,  whereas  valleys 
are  underlain  by  less  resistant  shales  and  limestones. 

The  dam  site  is  underlain  by  rocks  of  the  Hampshire  formation 
of  Late  Devonian  age.  The  Hampshire  is  approximately  2200  ft 
thick  and  includes  moderately  to  thick-bedded,  brown. 


medium-grained,  arkosic  and  micaceous  sandstone  and  lumpy 
red  to  green  mudrock  and  shale.  The  structure  rests  on  the 
west  limb  of  the  West  Mountain  Syncline,  approximately  2000  ft 
west  of  the  synclinal  axis,  which  strikes  40  degrees  - to 
the  northeast.  The  left  abutment  consists  of  a steep  natural 
slope  (70°*) . The  right  abutment/emergency  spillway  is  bound 
by  a very  steep  manmade  cut  over  100  ft  in  height.  This 
cut  includes  three  10  ft  wide  berms. 

Sandstone  bedrock  is  exposed  in  the  left  abutment,  while 
sandstone,  shale  and  mudstone  are  exposed  in  the  emergency 
spillway  cut.  The  sandstone  is  brown  to  gray  in  color,  fine 
to  medium  grained,  thin  to  massive  bedded  and  close- jointed. 
The  shale  is  brown  to  red  in  color.  The  geologic  report 
describes  bedrock  strikes  ranging  from  north  to  70  degrees 
northeast  and  dips  ranging  from  9 to  15  degrees  southeast. 
Measured  attitudes  in  the  field  agree  with  those  reported 
above.  Wedge-shaped  joint  patterns  were  observed  in  the  north 
abutment.  These  joints  dip  steeply  and  strike  from  25  degrees 
northwest  to  85  degrees  northeast.  No  faults  were  observed 
in  the  field  during  this  investigation  and  geologic  maps  of 
the  area  do  not  show  the  presence  of  faults  in  the  immediate 
vicinity. 
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The  potential  for  seepage  does  exist  within  the  foundation 


since  the  dam  is  founded,  at  least  in  part,  on  sandy  and  gravelly 
soils.  This  material  ranged  in  depth  up  to  40  ft*  in  the 
terrace  deposits  encountered  in  the  right  abutment.  Rock  was 
exposed  in  the  stream  channel.  Field  permeability  tests  show 

that  this  material  is  permeable  to  very  permeable.  In  an 
attempt  to  control  potential  seepage,  a cutoff  trench  was  con- 
structed and  reportedly  extends  1 ft*  into  firm  bedrock.  The 
geologic  report  describes  the  underlying  bedrock  as  being  quite 

m 

impermeable;  however,  some  seepage  was  expected  through  joint 
systems  in  the  rock. 

6.2  Embankment : The  upstream  slope  is  3 horizontal  to  1 
vertical  with  crest  at  El  2084.  At  El  2017  the  slope  flattens 
to  10  horizontal  to  1 vertical  forming  a berm  for  a vertical 
distance  of  1 ft.  The  slope  continues  at  3 horizontal  to  1 


vertical  to  natural  ground.  Normal  pool  level  is  El  2015.5 
or  0.5  ft  below  this  berm.  The  downstream  slope  is  2.5  horizontal 
to  1 vertical  with  a drainage  berm  at  El  2025.  This  10  ft  wide 
berm  slopes  towards  the  dam  at  10  horizontal  to  1 vertical.  A 
sloping  core  consisting  of  SM  and  SC  material  with  3/4  horizontal 
to  1 vertical  slope  is  provided  to  El  2070,  the  same  grade  as 
the  crest  of  the  emergency  spillway.  A typical  section  of  the 
dam  is  included  on  Sheet  6,  Appendix  I.  The  core  material  is 
designated  Section  No.  1.  The  material  comprising  the  downstream 
shell  becomes  progressively  coarser  ranging  from  GM  and  GW  in 
Section  No.  2 to  GW  in  Section  No.  3.  The  upstream  shell 
designated  Section  No.  4 is  also  GW  material  with  a finer  gradation 
than  the  downstream  shell.  The  downstream  shell  may  be  considered 
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pervious  with  drainage  from  the  core  or  underseepage  from  the 
foundation  passing  to  the  downstream  rock  toe  drain.  Section  4A. 

6 . 3 Evaluation; 

6. 3.1  Foundation  and  Abutments:  Dam  foundations  must  be 
evaluated  on  the  basis  of  potential  settlement,  sliding  and 
seepage.  Excessive  settlement  of  the  dam  is  not  believed  to 
be  a problem  because  the  structure  rests  upon  fairly  competent 
bedrock  and  firm  to  compact  alluvial,  colluvial,  and/or  residual 
soils.  Gradual  consolidation  of  underlying  soils  would  be 
expected  during  application  of  fill  materials.  The  underlying 
soils  probably  had  essentially  fully  consolidated  under  the 
applied  load  at  the  end  of  the  construction  period. 

Sliding  within  the  foundation  bedrock  does  not  appear  likely 
based  upon  the  design  load  and  the  nature  of  the  Hampshire 
formation.  In  addition,  a review  of  the  geologic  data  indicates 
that  there  are  probably  no  adversely  oriented  weak  planes 
within  the  foundation  rock  that  would  act  as  a potential  sliding 
plane. 

Seepage  was  not  considered  a problem  in  design  because  the 
underlying  bedrock  was  believed  not  to  be  susceptible  to  piping. 
Since  construction  reports  were  not  available  for  review,  an 
accurate  determination  of  the  foundation  conditions  under  the 
cutoff  trench  is  not  possible. 

The  steep  slopes  which  form  the  right  side  of  the  emergency 
spillway  are  cut  into  partially  weathered  sandstone,  shale  and 
mudstone,  and  were  considered  safe  and  stable  at  the  time  of 
investigation. 
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6.3.2  Embankment : The  embankment  slopes  meet  the  requirement 
recommended  by  the  U.S.  Bureau  of  Reclamation  for  small  zoned 
earthfill  dams  on  stable  foundation.  Since  no  undue  settlement, 
cracking  or  seepage  was  noted  at  the  time  of  inspection,  it 
appears  that  the  embankment  is  adequate  for  maximum  pool  level 
with  water  at  El  2074.7. 

The  stability  analysis  was  performed  with  a section  slightly 
different  than  actually  constructed.  However,  the  geometry  of 
the  dam  corresponds  very  closely  to  "As-Built"  drawings.  The 
differences  are  not  considered  significant.  The  strength 
parameters  described  in  Section  2 were  used  in  the  stability 
analysis.  The  report  describing  the  engineering  design  data 
used  in  the  stability  analysis  is  included  in  Appendix  IV. 

These  data  were  reviewed  along  with  the  stability  analyses  and 
were  found  to  be  acceptable.  The  factor  of  safety  of  the  up- 
stream slope  for  the  drawdown  condition  is  1.52  as  given  in 
Appendix  IV.  Reference  1,  Appendix  VI  recommends  a factor  of 
safety  of  1.2.  The  factor  of  safety  for  the  downstream  slope 
under  steady  seepage  condition  with  drain  (shell)  at  c/b  = 0.6 
is  1.82.  The  required  factor  of  safety  is  1.5  according  to 
Reference  1. 
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SECTION  7 - ASSESSMENT/REMEDIAL  MEASURES 
7.1  Dam  Assessment:  The  Upper  North  River  No.  76 


i 


Dam  at  the  time  of  inspection  appeared  sound  and  in 
a safe  operating  condition.  The  spillway  will  pass  the 
PMF  without  overtopping  the  dam  and  is  considered  adequate. 
There  is  no  apparent  problem  that  requires  immediate 
action  for  the  normal  pool  conditions  based  on  the  visual 
inspection  and  a review  of  existing  records.  The  actual 
embankment  structure  appears  to  be  similar  to  the  "as-built" 
drawings.  Without  the  construction  records,  the  conformance 
of  the  embankment  material  properties  to  design  requirements 
cannot  be  assessed.  The  design  factor  of  safety  for  rapid 
drawdown  and  steady  seepage  cases  meet  the  requirement  of 
Reference  1,  Appendix  VI,  and  the  embankment  slopes  meet 
the  requirements  recommended  by  the  U.  S.  Bureau  of  Re- 
clamation, Reference  2,  Appendix  VI,  for  small  zoned 
earthfill  dams  on  stable  foundations. 

7.2  Remedial  Measures;  There  is  no  immediate  need 
for  remedial  measures;  however,  the  following  maintenance 
is  suggested  and  should  be  initiated  yearly.  These  measures 
are  suggested  for  monitoring  and  maintenance  purposes  only. 

7.2.1  The  grass  and  weeds  along  the  dam  crest,  slopes, 
and  within  the  emergency  spillway  should  be  cut  at  least 
once  and  preferably  twice  a year.  We  would  recommend 
maintenance  in  the  early  summer  and  fall. 
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TOP  OF  EARTHEN  BERM 
VIEW  FROM  NORTHEAST 
Photo  #1 
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STILLING  BASIN  AND  OUTLET  PIPE 
(NOTE  RIP  RAP  AND  STILL  WATER  SURFACE) 
Photo  #3 


DOWNSTREAM  CHANNEL 
(GOOD  CONDITION) 
Photo  #4 
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LOWER  END  EMERGENCY  SPILLWAY 
(NOTE  BROAD  FLAT  AREA) 
Photo  #6 
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APPENDIX  III 
FIELD  OBSERVATIONS 


FIELD  OBSERVATIONS 
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Name  of  Dam:  Upper  North  River  No.  76  (Elkhorn  Lake  Dam) 
County:  Augusta 

State:  Virginia 

Coordinates:  T,at  38°  - 19.6'  Long  79°  - 13.25' 

Date  of  Inspection:  December  13,  1978 
Weather:  Fair,  temperature  45° 

Pool  Elevation  at  Time  of  Inspection:  2015.75  M.S.L. 

Tailwater  at  Time  of  Inspection:  1966.5  M.S.L. 

Inspection  Personnel: 

Schnabel  Engineering  Associates,  P.  C. 

Ray  E.  Martin,  P.E. 

Stephen  G.  Werner  (recorder) 

J.  K.  Timmons  and  Associates,  Inc. 

Robert  G.  Roop,  P.E. 

William  A.  Johns  (recorder) 

State  Water  Control  Board 
John  Hyden 

1 Embankment: 

1.1  Surface  Cracks:  The  slopes,  crest,  emergency  spillway, 
and  abutment  contacts  were  inspected  and  no  cracks  were 
noted.  The  embankment  portion  of  the  dam  and  spillway  were 
covered  with  3 to  4 ft  high,  light  vegetation,  making 
observations  difficult.  Small  (1  to  2"  diameter)  trees  were 
growing  along  the  embankment  at  the  north  abutment  contact  and 
also  on  the  downstream  slope  near  the  center  of  the  embankment. 

1.2  Unusual  Movement:  No  unusual  movements  were  noted  on  the 
dam  or  downstream  beyond  the  embankment  toe. 
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1.3  Sloughing  or  Erosion:  No  sloughing  was  noted,  however,  minor 
erosion  was  noted  along  the  south  and  north  abutment  contacts. 

The  erosion  consisted  of  approximately  6-inch  deep  gullies. 

1.4  Alignment:  The  vertical  and  horizontal  alignment  of  the 
dam  was  visually  observed  to  be  in  accordance  with  "as  built" 
drawings . 

1.5  Riprap:  Showed  no  displacement  or  washing  and  appeared  to 
be  in  proper  alignment. 

1.6  Junctions : Conditions  appear  good  at  the  junction  of 

the  embankment  and  the  abutments.  Numerous  sandstone  outcrops 
are  exposed  throughout  the  steep  ridge  which  forms  the  north 
abutment.  The  sandstone  is  brown  to  gray,  fine-grained  and  is 
thinly  to  massively  bedded.  Crossbeds  occur  locally.  Eedrock 
strikes  65°NE+  and  dips  18°SE+.  Wedge-shaped  or  subrectangular 
joint  sets  were  also  measured:  N25W,  90  and  N85E,  85SE.  The 
emergency  spillway  is  in  cut  along  the  south  abutment,  which 
includes  steep  cut  slopes  (75-100'+  high)  with  benches. 

Slopes  are  not  vegetated  and  the  spillway  is  cut  orimarily 
in  sandstone.  Scattered  shale  interbeds  near  the  middle  of  the 
slopes  are  capped  with  red  shale.  Bedrock  strikes  65°NE+ 
and  dips  10°SE+. 

1.7  Seepage:  One  damp  spot  was  noted  about  20  ft  right 

of  the  left  abutment  and  about  50  ft  downstream  of  the  midslope 
drainage  berm.  We  believe  this  wet  area  at  about  EL  2005 
is  the  result  of  surface  water  seeping  from  the  drainage  berm 
above. 
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1.8  Staff  Gage:  None  found. 

1.9  Drains : The  embankment  contains  a downstream  rock 
toe  drain  which  extends  to  about  EL  2023  along  the  north 
abutment  and  along  the  toe  of  the  embankment  and  a portion 
of  the  emergency  spillway.  This  elevation  along  the  left  . 
abutment  corresponds  with  the  outfall  elevation  of  the 
downstream  drainage  berm  at  the  left  abutment.  No  discharge 
outlets  were  noted,  however,  the  drain  terminates  on  each 
side  of  the  principal  spillway  pipe  and  is  presumed  to 
discharge  into  the  downstream  channel  at  this  point.  The  midslope 
drainage  berm  contained  a few  wet  spots  which  coincided  with 

low  areas  and  these  are  believed  to  be  trapped  surface  water 
from  rains  which  occurred  just  prior  to  the  inspection. 

The  approximate  locations  of  these  wet  areas  are  illustrated 
on  Sheet  2 in  Appendix  I. 

2 Reservoir: 

2.1  Slopes : The  upstream  end  of  the  reservoir  is  occupied  by 
the  river  floodplain.  Steep  natural  rock  slopes  with  numerous 

sandstone  outcrops  bound  the  left  side  of  the  reservoir. 

The  right  side  of  the  reservoir  is  graded  locally  but 
consists  primarily  of  moderate  to  steep  natural  rock  slopes, 
with  sandstone  and  shale  outcrops.  No  slide  areas  were  noted 
around  the  perimeter  of  the  reservoir.  Sloughing  was  observed 
along  the  toe  of  the  cut  slope  at  the  east  end  of  the  spillway. 

2.2  Sedimentation : Slight  sedimentation  at  stream  inflow 


(alluvial  fan  of  rock  and  sand).  No  evidence  of  any  bottom 
sediment  buildup.  V7ater  was  very  clear. 


3  Downstream  Channel: 


i 


3.1  Condition:  Good.  Channel  has  rock  bottom. 

3.2  Slopes : Downstream,  steep  natural  slopes  with 
sandstone  and  shale  outcrops  occur  along  the  left 
and  right  sides  of  the  stream.  The  stream  valley 
narrows  considerably,  below  the  dam.  No  slope 
failures  were  noted  in  the  valley  adjacent  to  the  toe 
of  the  dam. 

3.3  Population  and  Facilities:  None.  Staunton  Lake  is 
9,000'  downstream. 


4 Principal  Spillway: 

4.1  Intake  Structure:  The  structure  was  in  good 
condition.  Gates  were  well  greased,  however,  the  lower 
gate  i§  inoperable.  Catwalk  was  in  good  condition. 

Concrete  on  the  structure  visually  was  in  good  condition. 

4.2  Outlet  Structure:  Was  in  good  condition.  This 
was  viewed  from  the  downstream  end  and  pictures  of  this 
can  be  seen  in  Appendix  II. 

5 Emergency  Spillway: 

5.1  Channel  Section:  Was  found  to  be  in  uniform  shape 
with  exception  of  one  section  adjacent  to  Handkney 
Mountain,  which  showed  sloughing  of  side  slope.  The 
bottom  and  side  adjacent  to  berm  was  well  vegetated 

i 

j 


III-4 


and  found  to  be  in  design  configuration.  The  rip 
side  slope  was  in  good  condition.  The  lower  end 
was  a broad  flat  area  in  uniform  design  configuration. 

6 Instrumentation; 

6.1  Monumentat ion ; None 

6.2  Observation  Wells  and  Piezometers:  No 
observation  wells  or  piezometers  were  noted  in  the 


field. 
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• TO  : R.  c.  Barnes,  State  Conservation  Engineer,  DA'S:  June  8,  1^2 
SCS,  Richmond,  Virginia  , . • 

• FROM  : Rey  S.  Docker,  Head,  Soil  Mechanics  Laboratory,.  . - 

* SCS,  Lincoln,  Nebraska  • , 

SUBJECT:  Virginia  FP-2,  Upper.  North  River,  Site  No.  * • 


' • ATTACKMEltTS  • ■ ' 

. ' ’ Form  SCS  354,  Soil  Mechanics  Laboratory  Data,  4 sheets. 

. 1,1  Fcrm  SCS  352,  Compaction  and  Penetration  Resistance  Report,  15  sheets.- 
. Figures  1.  end  2,  Void-Ratio  and  Percent  Consolidation  vs.  Load  Curves, 

2 sheets . • . • . . 

. -Form  SCS  355*  Triaxial  Shear  Test  Data,  6 sheets.  \ • 

. Form  SCS  353,  Figure  3*  Gradation  of  Large  Diameter  Shear  Specimens, 

1 1 sheet.  r * ' ■ 

. ' Form  SCS  347,  Figure  4,  Summary  of  Soil  Engineering  Properties  on  South 
Fork  Watershed,  West  Virginia,'  1 sheet.  • . *■ • r ' \ ' { 

. Form  SCS  357,  Sunsnaxy  - Slope  Stability  Analysis,  3 sheet3,  • . • > : : / 

. Figure  5,  Estimate  of  Construction  Pore  Pressure,  1 sheet.  • . 

. Figure  6,  Estimate  of  Seepage  through  the  BcdrociCin  the  Flood.  Plain 

Section,  1 sheet.  " • : ; • ' ' ; • 

. Form  SCS  353,  Figure  7,  Grain  Size 'Distribution  Graph,  1 sheet.  >. 

. Figure  8,  Percent  Consolidation  vs.  Load  for  the  Embankment  Core,  1 sheet. 

. Form  SCS  37 2,  Embankment  Placement  Recommendations,  2 sheets,  • 

. Geological  Plans  end  Profiles.  . 


■ DISCUSSION  “ 


. FOUisDATIGN: 


/ . 


- Classification:  The  bedrock  at  this  site  consists  of  alternating  beds  or  . . 
-stratum  of  very,  fine  sandstone  and  silts  tone  or  mudstone.  The  bedrock  in  ’ ; 
the  valley  i.6  described  as  extremely  hard. 

. . / * * ‘ 1 . 

Bedrock  is  exposed  on  the  relatively  steep  left  abutment  and  i.n  the  cb.cn no  1 
section.  TIis  bedrock  in  the  flood  plain  end  terrace  level  to  the  right  of 
the  channel  is  mantled  ■with  gravelly  and  cobbley  material.  The  thickness 
of  the  mantle  through  these  sections  ranges  from  about  3 feet  to  40  feet. 
Semples  of  the  mantle  from  the  vicinity  of  the  toe  drain  indicate  that  the 
' material  in  the  flood  plain  is  very  coarse  (27$  finer  than  No.  4);  whereas, 
the  surface  material  in  the  terrace  is  considerably  finer  with  about  55$  " 
finer  than  the  ITo.  '4  size  end  ,8$  cobbles,.  . . . 

• ■ ’■ . \ '\ ’ v ■ ‘ 

‘ The  bedrock  in  the  right  abutment  is  mantled  with  residual  silty  scnd3  to 
depths  of  about  20  feet.  ' » - . ’ : 

• ‘ • ' • -■  1 ' ' •%:  • . 

Shear  Strength;  . Standard  penetration  tests  were  mado  in  the  alluvial  end 
: colluvial1  grovels.  The  blow  count  Was  high;  it  is  questionable,  however, 
whether  blow  count  can  Wtrelatedto  shear  strength  in  a cobbley  material 

• n'V  u 'Vx^f  ' ■>■.:**«:  : . r 

• ••  - if  / -./.y/.:  . • 

- ’ :.  • * . ••  »s.f  -■  ' g.. 


Hzy  3.  Peeler 


SvV:  Virginia  FIVE,  Upper  lie  rth  F.iver,  Silo  i'o.  Jo 


O 


' ;ich  r.s  this.  A t viced  cl  sihcci-  tent  is:.  .vclu  cr.  :.  itoricl  free:  the  flcvd 
p.lcj.n  borrow  tree- . '.the  airier  d'-.i.a,  obt is  discuascu  undcx-  the  enfoank- 
r- at.  section  of  thin  report-..  Paced  on  the  shear  t.cts  melt's , it  arzanYS 
th?.fc  ^ = 36*  vc’ili  bo  r.  cour.oxvcc'ci.vn  rlooica  value  -Tor  the  sravoily  an  1 
coobjcy  roiK'-f-tloa  rr-atc-x-ial.  • * 


C-  F'Sir.crVihihy;  I’i.eM.  per.-.ojfoiliiy  tests  vera  usdo  in  two  locations  in  the 
T-jri  aee  T’Htr'vj.al.  Ccvipulol  r^Tconbi.liiy  rates  br  eed  cu  the  field  pes.Y.ia-  .. 
t:ill.iy  teat  data,  in  the  geologic  repox-t  ore  In  the  r.nnge  o’  3 to  5 fc  it 
tut  *25y  In  t?v>  tighter  material  end  from  37  bo  36  foot  per  cay  ip.  the 
r.cbM.hat  loocer  ( lovox‘  blow  count  zone)  rataripj. . The  computed  rr.ii/  for 
ench  field  ieci  <^£/k£hovn  on  the  attached  '£  profile.  The  i’a tor. . were  cu.-.putvd 
Zxcvl  the  equation  and  data  given  in  the  open  end  perase ability  toot  proeeuwo 
in  tea  3urof.u  of  Pcclnnntion's.,  "Eavth  IJanuol" . There  1b  a et.ipAI  error  in- 
volved since  the'  head  vr.s  not  constant.  The  rates  were  ccriputed  to  ehc rJ 
rouges  of  prrdcabillty  and  me  ‘believed,  to  he  satisfactory  for  this 'p e-pose. 


o 


Pro  enure  torts  were  conducted  in  tho  bedrock  at  several  location.  T.vo 
.results  of  ti»  tests  are  included  in  the  geology  report . Peivoobiliv:/  rates 
vorc  ccmputcd  fron  this  data  in.  accordance  with  the*.  eq'  -tLon  j. 


v§. 


given  in  tlie  Packer  tost  procedure  in  the  .Bureau  o f R c clc-i  *atic!> 1 s "Eavth 
Kennel".  H was  conoids  rod  as  the  dintcuca  from  the  ground  sva-face  to  the 
midpoint  of’  the  teat  zone.  ITo  v;atci-  table  v.ca  coot:  Merced,'  except  in  tect 
hole  $ 2 wbsxo  the  water  tablo  wo  cor-sldcrecl  at  ?2.5  feet.  The  dismoier 
of  the  toefc  hole  ■was  considered  as  NX.  ; • ‘ 


Tea  computed  pemspbility  X'ates  arc  shown  on  the  attached  Form  It’S  . 

jfrffii'.JrmiiP:  i'v  ’•  ’ •*  . -V  . . . • 


A.  C'iasoi'ficaticn:  Trj?  .horro'.;  materials  fall  into  tvo  general  cciogcrico  cou- 
sint:ir-S  of  Ox)  weathered  sanrlctone  mui  cilicooue  freed  tha  a-aergeney  spill- 
wy  and  ’the  obutcienb  dovmstreem  from  i.he  cpillv/oy  end.  ^2)  the  flood  plain 
Kateriol.  ■ ’•*  . i • ' •. 


Sf:;r4pl36  of  ilia  veatherod  Gr-ndr.tona  x-anged  from  CL-ML  to  G-*G-1 . Tiia  general 
rcxigo  of  material  appeal's  GC-SJ1,  ho’.vaver,  with  the  percent  of  fines  ransinjj 
23  on  the  C-C-GJl  to  53  on  tire  CL-ML.  The  pex'cant  of  gi-avel  raiiL^d  fra#  15 
to  V5  percen't.  ; v ..  i • 


The  n.cod.  plcin  Grovels  ccn  he  divided  into  two  general  gi'crupa,  haued  on 
Hie  mount  cf  grttyoL  or  cohblso  lorgex*  than  3*0  inches.-  Sa-npler.  62F3108, 

• 6if?LlL9»  62?1110  and  62P1U^  Contained  from  24.  to  36  pox-ceirt  mate  rial  finci 


* • than  3*0  inches  in  dianetor.  Samples  62P3.DJ.,  .62F1113  end  62P1114  cartnin 
. frea  53  to  63  ^roent  finer,  tlihn  3*0  inches ^ in  dicjneter;.  u V «:  ^ 


3.  Ponsefbilifcys  Estimated  pei’ceability  rates  of  the  .embcnJoient  matoricls 


J 


bj:  Virginia  TP-2,  Upn 


Ft. /Day 


idual  Silty 
ds  tone 

ibank-iont  Core) 


Minus  No.  h 
Minus  No.  4 


Field  Gradation 
Fraction.  Finer 
Then  6.0" 

Field  Gradation 
Fraction  Finer 
Than  6.0" 

Field  Gradation 
Fraction.  Finer 
Than  6.0"  ; 

Field  Gradation 
Fraction.  Finer 
Than  6.0"  '• 


■orrow 
Shell  Se: 


>2F1111 


Finer  Flood 


Than  6.0"- 
Fraction.  Finer 
Than.  6.0"  - 
Fraction  Finer 
Than  6.0" 


Plain  end  Terrace 


62FL114 


The  permeability  x-oten  shown  for*  the  core  section  were  measured  rates  on 
the  consolidation  test  specimens.  The  rates  shown  for  the  shell  material* 
wore  estimated  from  Hazen's  Formula,  k = 2 (B10)2,  where  the  Dp0  size  is 
in  inin.  and  k is  in  feet/minute.  The  computed  rates  ore  reported  in  feet/ 
day  end  were  reduced  one  order  of  magnitude,  accordiag  to  the  approximate 
correlation  of  T>10  to  Ic  size  os  contained  in  the  preliminary  i-epc-rt  by- 
Koran,  Proctor, ’Mueser  and  Kutleage  on  the  "Study  of  Effective  Use  of 
Coerce  Grained  Soils  in  Construction  of  Earth  Fill  Dams". 

Cgrpractad  Eeusit^:  Standard  Proctor  compaction  tests  were  made  on  tha. 
Sjus5~I?or""U  SI ze  fraction  on  15  of  the  borrow  samples  submitted.  The 
tc6t  data  is  shown  on  the  attached  Fonts  SCS  352*  ' Corrected  density  for 


ii.  C. 
Hey  i' • 
S all/ : 


- :-/-V52 


< i-c':cr 

Virginia  TP-P,  Upper  Month  Rive: 


IIo.  To 


Aftc:.*  cc. -.faction  in  this  muhjver,  the  grc-.'V.'.ticn  was  &oterr.inod  frcn  -it 3 
in  the  l/jO  cubic  foot  :.;oW.  Uith  percent  of  -.aterinl  lrr-pr 
Mien  Ho.  4 known.,  it  wes  il.v-T;  yosr-J’nle  to  compute  the  donnity  e.v.d  moisture 
content  o’  the  minus  IIo.  .4  fraction.  ■ _ 

Ciie  Standard  U3LR  ecpir.tionn  for  correcting  the  compacted  density  av.i  :-,ois- 
verc  conoant  bee  od  on  the  par  cant  me; tori  al  ’larger  than  IIo.  4 uinejaro  usc-d. 
?he  density  end  7'Oicv.ure  content  of  the  soil,  and  rod;  inixfcuro  v£-er  knovrri. 
Therefore,  tlva  equations  ware  colvocl  for  tbs  density  and  the  moisture  con-  ’ 

' tont  of  tin  Minus  Mo.  4 fraction.-  The*.  computed  density  end  moisture  ecn-  . ‘ 
■{tint  of  the  riinuc  Mo.  4-  free lion  is  shown  on  the  compaction  reports,  with.  . 

• Tslation  to  the,  Standard.  compaction  curve. 

Ycjil  trfll  note  that  ‘there  ie»  pretty  good  agreement  between  the  Standard 
Proctor  curve  and.  the  computed  densities,  it  is,  therefore,  considered 
that  the  "rock  correction"  ns  normally  used  oy  the  Laboratory,  ic  reasonable 
f err ; density  control  of  then®  materials.  V-  . - 

>.  ’ Consolidation ; Conaolidatinr^feiots  were  inode  on  two  samples  that,  represent 

• tlvj  core  - section  of  th^ngj^nlcaent.  The  test3  wcr\e  made  on  the  minus  Ho.  4. 
fraction  frera  Ssarle&^sIplCT^  and  62P1103-  The  test  samples  v/ere ‘compacted 
to  95  percent  of  Standard  i-Vcctor  density.-  The  void-ratio  versus  load  and . . ‘ 
the  percent  consolidation  of  the  Laboratory  scr.pics  are  attached.  Pig. ires  ! • 
end  2. 

!.  Sheer  Strength:  TviaidLal  nheav  tests  wore  mode  on  Samples  62HI097>  62P1103 
cud  bPl'LlOT  to  represent  the  center  section,  of  the  evribmilm'ent.  Sheer  tests 
vore  aioilo  on  & mixture  of  62FHQ8,  62P1111,  62P1113  and  62F11X4  to  represent 
the  obeli  section?.  A total  of  three  tests  wore  revie  on  . this  material,  con- 
sisting of  tx;o  tests  using  h.C{  indh  diameter  test  specimens  with  a maarlr.ua  ’ 
particle  diecreter  of  1.0  *lncb  and.  ens  test  using  6.0  inch  diameter  tent  • * • 
Sjiecir.ans  with  a ‘/taxi slum  particle  dituieter  of  1 l/2  inch.  The  sheer  note 
obtained  are  suavuariued  es  follows:  .v  ‘ • • 


-.  ■ Diameter  “of , •.  .. 

Semple  Errib.  Sec  .- . , . Test  Density 

Ho.  ’*  Reprenentad.-  Specimen  (p.'c.f.) 
’ . ‘ . - (Xpcha3)‘  ' 


tP  of  ' fiegree  of  . 
Standard  ; Saturation 
Proctor..-.!'.  (fj5) 


c 

[p.s.f.) 


62?ic m 

; Center;  ;'  V O 

~ 1.4  V;- 

105*5  Vv 

95-4  W 

93t  •■!  •:.;! 

23-5° 

500 

6ZF1103 

Center  ■,  '■ 

1.4* 

•103.6  ■ 

94.8;:,: 

V 95*  ■< 

22* 

350 

Sspnar 

Centex-’-'. 

VI. 4 

no. 5 : V 

95-2- . 

97+  V.’- 

cO*  . 

350 

Sz?nc3 

( Shell 

4.0 

•-  22Tf- 

95  , 

'82-03.:  V-' 

3q° 

0 

mi 

( shell  . ; 

/ 4.0-,. 

3-32.5  - . 

100  ■ :. . 

91-97  V:, 

; 36*  \! 

' 5T5 

• 11X3 

r Shell; :/*■  • -> 

6.0.;, 

' .13S-  .5  V . 

1Q2'JV  -• 

iqo  v; 

43* 

■1000 

112.4 

I * • * 

•* .•* . **  . ••  *,  *’ 

l • 

• ..  • *.  *.  t ^ ••  • . 

*.  *.  S*  - \ 

i-  ‘ ;:• 

’•'*  Peso 
■ • tlva 


• * .*  • * • •■*  ‘ ’ ' • f » • .**•*>  ^ • • v*\  ’*  •'  \ . •*'"  ‘ :*  m _ * ’ 

prascuro  nras  measured  dwli^g^th?  test  ca  Semple  6271103  cr.d  the  e-ffec- 
atrecs  Values  are  recorded’  on  the  trihedjfL  eho-atr  teat ‘data 


o 


( , 


(.  :>/.'•/ ir. 

/ l.  Decker 


JuLJ:  Virginia  IT-2,  Uppzr  Worth  Fiver,  Site  IIo.  't'6 


The  tradition  used  for  tests  on  the  shell  Mvloriol  is  shown  or.  the  attached 
Form  SC'5  353^  Figure  1.  The  tort  62jip3.es  were  ivgrr.il-;d  os  clown.  Sowe 
trouble  was  encountered  vilh  cc.iceli tlotJ.cn ^nrscl  gl yocr^r.e  lacks  on  those 
large  disr.ei.er  test  specimens,  The  data "believed  to  be  quite  censist-.mt, 
h o'.; ever,  in  that  the  strength  increased  with  density  as  vould  be  expected. 
The  c value  obtained  is  believed  to  be  dee  primarily  to  the  increased  den-' 
sity  of  the  fines.  You  will  note  that  c was  0 at  of  Standard,  575 
p.s.f.  at  IOC- $ of  Standard  end  1000  p . 3 , f . at  102$  of  Standard  Procter.  - 
The  increase  in  {;  between  the  4.0  inch  dimeter  tests  and  the  6.0  inch 
dimeter  test  is  due,  in  part,  to  the  increase  in  gravel  percentage  from 
J|4  to  5°$j  respectively.  • . 


The  shear  data  obtained  on  these,  gravelly  materials  are  in  pretty  Good 
agree  me- at  with  data  previously  obtained  on  granular  material  from  the 
South  Fork  Vetershed  in  Vest  Virginia.  A sumary  of  the  average  values 
from,  the  South  Perk  Watershed  is  attached  for  comparison.  Figure  4. 


SLOPE  STABILITY: 


The  stability  of  the  proposed  embantesnt  ires  checked,  with  a Modified  Swedish 
Circle  Method  of’  analysis.  Two  sections  wore  analyzed  one  at  the  channel 

section  where  tie  bedrock  occurs  at  a veiy  shallovr  depth  and  one  cn  the  terrace 
section  where  from  30  to  46  feet  of  gravelly  material  'overlies  bedrock. 


Tlie  analysis  cor  side- red  a zoned  eribanlacect  with  a phreatic  line  from  emergency 
spillvoy  elevation  (20o4)  to  a drain  at  c/b  0.6.  The  shear  strength  of 
Sample  6221097  {$  = 23*5°/  c = 500  p.e.f .)  from  the  emergency  spillway  v>s  uced 
to  represent  the  core.  The  shell  rectorial  was  considered  to  be  represented  by 
Semples  6221103,  6221111,  62P1113  c-nd  62171114.  The  shell  was  considered  at 
100$  of  Standard  Proctor  with  3hear  strength  of  0 = 36 °,  c = 575  p.s.Y.  At  the 
mc:d.E.um  section,  the  analysis  considered  the  embankment  only Satisfactory  fact- 
ors of  safety  (greater  than  1. 5)  were  obtained  on  a 2 l/2:l  upstream  slope  when 
the  central  core  was  limited  to  3A:1  (Trial  Wo.  1 and  Triel  IIo.  1A).  Trial’ 

Wo.  IB  shows  that  a 3:1  slope  is  required  to  obtain  a factor  of  safety  of  I.50- 
cn  the  up3treum  slope  when  the  upstream  slope  of  the  central  core  is  1 l/2:l. 


Tho  analysis  shewed  a factor  of  safety  of . 1.82  for  a 2 l/2:l  downstream  slope 
with  the  slope  cf  the  central  core  e.t  1 1/2:1.  Thi.s  factor;  of  safety  trould  be 
increased  somewhat  if  the  shell  section,  with  selective  placement,  effectively- 
drains  the  central  core.’ 


. • • w • 

The  analysis  on  terrace  section,  assumed  that  the  shear  strength  of  the  grave!  ly  • 
foundation  was  $ = 36*,  c = 0.  The  central  core  and  the  shell  were  considered 


the  some  as  at  the  icjudiaua  section.  This  analysis  chows  that  the  proposed- 
2 l/2:l  upstream  slope  requires  modification  to  obtain  a factor  of  safety  of 
1.50.  Tills  could  be  accomplished  by  wide  stabilizing  berms  os  showii  by  Trial 
Circles  4a  and.  5 A.  or  by  flattening  the  upstream  slope  to  3:1  (Trial  Circle 


Ho.  6).  The  analysis  at  this  embankment  section  considered  a slope  of  3/4:1  . 
on  the  central  core.  , A flatter  slops  such  ns  1:1;  or  1 l/2:l  could  be  used. 

• 9 1.1. 1 J ^ _ XI j*  . ^ . _ * 
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r;ic ■;.?  cncXycic.  • Fcr  thin  purpose,  r.!:';;--v  strer: ;~t/i  of  jv  = jo",  c *--  0 
» i'cchcr  of  cuiVhy  of  1.15  voo  oVvoir^a  vucr.  hoviuontal  seepage  icruec  ve-e 
conniu'roi.  35re  factor  of  sofa  by  oboe. in  .id  ic  cc.nsie.crod  a'lcqucts. 

rcicr  force:-:  con  sirred  in  thin  unalycic  ere  r.ore  sctcvo  then  will  rar-dt 
fran  o;r.r*truchJ.cT  Tore  pressure  if  the  c.-.-vinr  section  icricrisl  is  placed  * *iih 
a noiroiu.iT  content  .Less  than  3 to  4 poveaut  vet  of  optdaua.  fee  ccr.rtrucioi.cn 
roro  •p.-ocmero  wo-j  estimated  according  to  Kiiffe  Haikod  Vieosd  on  the  Ijboiv.-'.ary 
c&nsoT’dic.tioa  curves.  A.  plot  of  the  construction  pore  wrensure  veuov.2  to  1:1 
stress  in  r.ttr.ei.ai  (pirpa-e  5).  Eio  plot  shows  cdnsti*uctloii  pore  preseur-e  for 
placement  sptoture  concents  of  17  percent,  19  percent  tmd  £2.  percent,  Which 
covers  tbs  "range  freu  about  optimum  to  4 percent  over  optimise . 

Trial  Circle  Wo.  7 on  the  attached  slope  stability  • sunnr.jry  shoes  the  'factor  of 
safety  obteinsd  (F3  = 2.2)  vhen  estimated  construction  pore  pressure  was  !:csed 
on  a plsceaeht  moisture  content  of  21  percent.  y ;.  . . 


' • “ • Rgcav-ssiD^oi-s  ‘ • 

Bite  freprrwi.ion:  Any  overhangs  or  lee  so  talus  material  that  may  bo  present 
should  be  removed  ftou  the  relatively  steep  left  abufcmnt. 

Cvaterllne  Cutoff:  I/e  raccasp-and  a cutoff  to  bedrock  at  this  site.  T. ’is 
iBiCl  involve  relatively  deep  excavation  through  the  moderate  to  highly 
jsa~eoble  terrace  gravela.  • 

A rink-nun  trench  bottom  width,  of  30  feet  ic  recciwcndcd.  for  the  floe:",  plain, 
section  sni  nrvhrJnm  trench  be  ttoa  •xldth  of  £0  feet  1?  re  ccsrreniea.  through 
the  •terrace  section.  Hove  cl  foundation preparation  •.•rill  probably  renevV 
meat  of  the  material  overlying  "oedroek  in  the  channel  BcctionJ  if  net.  the 
trench  bottom  width  .should  be  about  *j0  feet.  . 

Ex  formla  *»r  =*  h - d taken.  rfu<za  the  Bureau  of  Beclranatioa 1 s,  "Bcsigi  of 
Gv,:jll.  Dcsc",  was  used  as  obento  for  the  ouches  tel  trench  bottom  widths . 

Eia  rese/vedr  bond  (h)  vea • considered  fran  normal  pool  level. 

Booed  on  the  pres cure  tests  mods,  it  ic  apparent  that  seepage ‘ray  be  ex- 
pected through  the  bedrock.  Bn  order  to  get  cores  idea  of  the  amount  of 
cespfj'ie,  the  cor.litlceo  cliovn  on  the  attached  Fifjuvo  6 were  assumed.  The 
estisutnl  ceops.'-e  loss  through  the  flood  plain  section  is.  0.05  e.f.s.,  with  • 
tho  conditions  cnouvel.  Considering  losses  through  the  abuhrrata.,  this 
figure  ray  double . Ibis  estimate  is  ccncervntdva  if  the  permeability  of 
tbo  bedrock  Lo  in  the  range  of  2.5  ffc./day  or  lccc.  ; • 1'  t : 

The  cutoff  trench  should  be  backfilled  vith  SC  or  CL  mute  rid  and  ccni.actsd. 
• to  a aintoun  of  95  percent  of  Stondord  JVoctca:  Vith  the  moisture'  c onto  it 
controlled  to’ near  .ojt2Kvs^.'>%'V..vV-;  C.>r  .?:■% 

- - r,  V; v ^ : • : 


".rT.'.iii r.  * <oi'w-e  . . r. .iifv  a. 3.  iu 


C.  2'rino.rol  Sv-ill*:*1.":  »;e  rceor. real  to ah  the  iv5.ncST.rJ.  spillirry  or.  j)  r.ceu  on 

TctfrcckT  j>:f  "appears  that  the  r.::c/xnh  ci‘  trench  er.cevV.tion  coiud  be  reduced 
t»v  cllftiv.£  ■the  coiV'.'.'J. u to  t.h.3  left  ol’  the  proponed  location  shove.  or.  the 
eriterhsd  Pesos  SCS  35^ . 


D,  5.- air:  Drainage  ic  reQ.nl. red  fen*  CT*Dcnk.i:unt  stability  cn'l  r.lco  to  provide  . 
f~Sclr>  outlet  for  ceepcgo  that  ai^rnne.*  tho  cutoff  trench  fkrovgsi  tho 
bcircck.  Tte  reccronivtl  selective  placur-ent  of  tho  -flood  plain  hc-ivov  in 
tlfc  da.*streea  shell  to  control  the  piiroutic  line  ill  the  enter!-  rent . ibis 
nay  to  acccnpUrhctl  o y placing  tho  coarse  flcc-d  plain  aatericl  in  the  outer  . 
sle].l  of  the  doinstrenn  section  truth  a transition  none  of  the  finer  flood 
■odric  notorial  like  Sur.plea  6271113  end  o2?illU  ‘betroen  the  cere  -£u>i  the  • 
cuter  eholl.  Ths  cu^cntel  nlceonsui  for  drainass  purposes  is  shorn  cn 
-the  attached  Fora  SCS  372.  Tee  relation,  of  the  gradation  of  each  of  the 
' or&cn'oaent  sonos  and  the  foundation  ue.fcerial  in  sheen  on  the  attached  Fora 

SCS  353*  jPicueo  7- . ; ■ \.  •.' 

Ir.  addition  to  ocloctive  picco?>er.t  of  the  ecfbahtaaant,  ire  reccroend  a rock 
toe  due-in  'to  provide  a safe  cutlet  for  seepage  through  the  bedrock.  She  ■'  : . 
■too  drain  should  bottom  on  bedrock  through  the  flood  plain  esS  penetrate 
■the  ierrueo  material  to  about  nil  8.0  foot  depth.  . Tea  ccartsa  flood  plain 
material  Idle  Stkiple  6271103  should  be  used  as  a transition  filter  be  tvsoii 
tho  foundation  and  the  rock  toe.  ...  •.  p ; . 

A 3)^5  si  so  of  clt  cut  3 inches  is  suggested  for  tlia  reck  toe  drain.  ■ 

2.  Soitluja-nt:  dhs  ecfciu&ted  cettlesjeirt  cf  the  central  core  ic  2 percr.rrt  or  * 

2 feet  st  tho  Tuaxhnixn  section.  The  consolidation  ‘tests  of  the  icinus  TTu. 

>4  free  tier.  'i£%'  used  ,cc  a basis  for  this  estijoats . The  percent  consoii'ation 
vorBirs.load  ebteined  on  lol>oi’Gtory  tacts  was  reduced  in  proportion  to  the 
‘ p;irccsitsg3  o£  material’  largpr  than.  the  Ho.  4 Bias;  An  average  of  3QJ> 

. (p.'jvcsl  wascoasidered.  The  corrected.  couDolido.t5.on'  curveis  shorn  or.  the 
c’ttcdicd  Figure  &./  7^  jy  ■ .:.*.;>vi’  ..;• 


the  nlnus  Rc-  4 fraction  is  95$  of  Standard  Proctor  far  the  core  and  3.0D>> 
of  Sbs&Ucrd  Elector  for  the  shell, . - \ - V-  i:-  - ' . 

G.  Slopes : The  results  of  tho  stability  analysis  are  simiarisod  as  follows:  .. 

• * ‘ 1 ” — ~m  ■ ■ ..  • 

• • slop?  of  the  - y?35po  of  ■ :““ 

Section,  f Outoldo  Shollo  . the  Cora Fc  . Eeisi  VJidtli  • 

. ~ •'  Upstrooerii  Psiinstream  li}->strcaai  Doicir.tr'csni  • '/ . . ' 

Kcrfaiia  ':vw  2 1/2:1  . V:'v l/2:lb:  *:-r  •'  „*  .1-351  lbf*  - : 

6 Station  2L+25  - • •*■•-*  2 1/2:23*;: • •..*>!  1/2:1;  ;•  1.82  ITormrl.'  10’ . 


1.63  * 

.10 1 . 

1.55  ■••• 

• 10* 

.1*33  * 

10  ‘ •-•  . 

■1.50  : ‘ 

1‘55’  ,> 

1.50 

10  V ’ • - 

*^-  . 

• .•  1, 

■ h *•.  .*  f . 

Ksutw,  ‘ Upper  Darby,  Pennsylvania*- ■ ( 2) 
Grubb,  Uoper  Darby,  - Pennsylvania  .**' 


'■7&  sugsest  oT^bcrJc-.cnt  slopes  of  3:1  upctrecn  ar.d  2 1/2:1  c.o-::r/Lreeii  ’.rx»fl 
’the  i.o^fcot  ber.no  cs  ori^Inelly  pi  opes  *u.  "ae  slope  of ‘the  eer.trcl  core 
can  be  cs  ilut  as  1 1/2:1,  depending  or.  availability  of  materiel.  . k 
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offices  data  used  for  slope  stability  analyses  and  the  results  of  the  analyses 
J.  be  used  for  a sketch  of  the  embankment  on  which  the  analyses  have  been  made. 


offices  data  used  for  slope  stability  analyses  and  the  results  of  the  analyses. 
1 be  used  for  a sketch  of  the  embankment  on  which  the  analyses  have  been  made. 
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S.  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 


August  22,  1952 


R.  C.  Barnes,  Stats  Conservation  Engineer, 

SCS,  Richmond,  Virginia 

Rsy  S.  Decker,  Eead,  Soil  Mechanics  Laboratory, 
SCS,  Lincoln,  Kebraska 

Virginia  FPP  - Upper  north  River,  Site  Ko. 


We  have  reviewed  placement  recommendations  for  coarse  materials  an  the  sub- 
ject site,  as  requested  by  telephone  call  from  K r.  Omen. 

Original  shear  tests  on  coarse  material  for  this  site  were  run  an  a composite 
of  Samples  62FHO8,  1111,  1113  and  1114  as  representing  flood  plain  material 
with  the  most  fines* 

Test  densities  for  shear  tests  were  based  upon  assumption  that  all  material 
6 inches  over  would  be  raked  from  the  mass  of  the  fill  to  the  outside 
shells.  With  this  assumption,  the  composite  would  have  about  4*fll  larger  than 
fk  with  an  average  density  on  - #4  of  119  P*c.f* 

The  shear  tests  were  run  on  material  finer  than  1 Inch.  The  test  specimens 
were  re-graded  in  the  sand  and  gravel  site  range  as  shown  in  the  original 
report.  There  vas  44  percent  plus  Ho.  4 material  in  the  4.0  inch  diameter 
test  specimens  and  56  percent  plus  Ho.  4 material  In  the  6.0  inch  shear 
specimens* 

With  the  Ho.  4 material  at  95^  of  Standard  Pwctar  (H3  p.c.f • ),  ths 

corrected  density  with  44  percent  gravel  included  In  the  s maple  would  be 
123  p.c.f.  With  the  minus  Ho.  4 material  at  100£  of  Standard  Proctor,  the 
corrected  density  with  44  percent  gravel  In  the  sample  would  be  132  p.c.f* 

Th»  6.0  diameter  test  specimens  contained  56  percent  gravel*  Maximal 
Standard  density,  considering  this  percentage  of  gravel,  would  be  137  p.c.f* 

The  first  shear  tests  were  set  up  at  about  127  p.c.f.  which  would  represent 
about  95f  of  the  Standard  Proctor  density  for  the  gradation  used.  These 
specimens  slumped  before  testing  and  it  vas  deemed  necessary  to  test  at  higher 
densities*  The  second  and  third  tests  were  run  at  densities  of  132  p.c.f.  and 
133.5  p.c.f.  which  would  represent  about  lDOf  of  Standard  Proctor  density  f or 
ths  gradation  used. 

Strength  values  used  In  the  stability  analyses  were  for  y4  • 132  p.c.f. 


After  reviewing  the  data  on  gradation  of  field  samples  which  show  that  the 
above  composite  would  have  about  JOf  larger  than  Ho.  4 and  about  30p  larger 


2 — R.  C.  Bamas  — 8/22/62 
Ray  8.  Dackar 

SubJ:  Virginia  FP?  - Up par  north  River,  Site  Ha.  7® 


th-n  6",  ve  concur  In  tha  Idea  that  removing  all  6"  ond  larger  material 
vould  not  be  practical. 

Since  our  report  of  June  8,  1962  on  this  elte,  we  have  bad  opportunity  to 
review  the  Rutledge  report  on  co&rB*  caterlal.  Data  in  that  report  based 
upon  U.8.B.R.  teste  on  - 3"  caterlal  show  that  caterlal  tested  at  125  p.c.f. 
on  the  - 3"  fraction  gave  / values  of  33*  to  42*. 

Ve  have  re-analyzed  the  designs  proposed  In  our  report  of  June  8 using  up- 
stream slopes  of  3s  1 for  the  outside  shell  and  3A:1  tar  t^e  interior  core 
with  hex*  at  2015*5  and  embankment  values  of  74  ■ 125  p.c.f.,  » 33** 

e m o.  analysis  produced  fs  » 1.52.  (Trial  circle  1C  on  the  attached 

slope  stability  sunsnary.) 

Further  review  of  the  voluaes  of  borrow  material  show  that  Samples  62? 1111 
and  1114  represent  some  240,000  cubic  yards.  These  materials  show  only  13 f 
larger  than  6"  and  0£  larger  than  12"* 

Ve  recocmend  modification  of  original  report  as  follows: 

1.  Qabahkment  designs  Upstream  elope  *3:1  outside  1 downstream  slope  " 

2 1/2:  lj  center  core  3/4:1  J with  berms  as  originally  proposed. 

2.  Placement  of  material  represented  by  62F1111  and  1114  adjacent  to  core 
section  with  + 6"  material  rcked  to  outside  shell.  This  material  should 
be  placed  at  not  less  than  125  p.c.f.  dry  density  of  the  - 3"  fraction. 
Four  or  five  passes  with  D-7  or  equivalent  track  type  tractor  should 
effect  this  density  but  it  is  suggested  that  a few  density  tests  he  made 
to  assure  this  weight.  Assuming  an  average  of  40£  larger  than  3"*  the 
required  density  of  the  - 6"  fraction  vould  be  about  137  p.c.f. 

3.  Coarser  material  placed  in  the  outside  shells  could  be  specified  as 
Class  C fill. 


Prepared  by: 

Attachment  Ray  8.  Decker 

and 

Lorn  P.  Dunnlgaa 

CCS  S.  M.  Kautt  - Upper  Darby,  Pa. 
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DESIGN  REPORT 


U. 5. DEPARTMENT  OF  AGRICULTURE 

SOIL  CONSERVATION  SERVIC 

- ENGINEERING  * WATERSHED  PLANNING  UNT 


UPPER  NORTH  RIVER  WATERSHED 
BITE  NO.  76 

AUGUSTA  COUNT!,  VIRGINIA 


This  multiple  -purpose  structure  is  located  in  Augusta  County, 
Virginia,  approximately  15  miles  north-northwest  of  Staunton.  The  trans- 
parent overlay  (sheet  4 of  this  report ) together  with  the  Parnassus 
quadrangle  published  by  the  U.S.  Geological  Survey,  may  be  used  to  locate 
the  structure. 


This  dam  is  & class  (c)  structure  (Engineering  Memorandum  SCS-27)  and 
is  designed  in  accordance  vlth  SCS  criteria. 


It  is  an  earthflll  structure  having  a cutoff  trench  to  firm  bedrock. 
The  embankment  materials  are  placed  in  a manner  to  afford  foundation  and 
embankment  drainage  through  a rock  toe  drain. 


The  purpose  of  this  dam  is  to  reduce  downstream  flooding  by  providing 
temporary  storage  for  the  runoff  from  17*370  acres  of  watershed.  This 
temporary  storage  is  released  gradually  through  the  principal  spillway. 

This  structure  impounds  616  acre-feet  of  water  for  the  city  of  Staunton 
which  has  its  present  water  supply  reservoir  about  a mile  downstream  from 
this  dam.  The  55-acre  reservoir  created  by  the  permanent  pool  will  afford 
limited  recreational  facilities  which  will  be  managed  by  the  U.S.  Forest 
Service. 


The  principal  spillway  consists  of  twin  42-inch  diameter  reinforced 
concrete  water  pipes.  Discharge  into  the  conduits  is  provided  by  a 
9.0*  x 10.5*  reinforced  concrete  riser.  There  are  three  heavy  duty  gates 
attached  to  this  riser  for  dewatering  the  reservoir  and  to  permit  utiliza- 
tion of  the  municipal  water  supplies. 


There  is  a large  emergency  spillway  cut  through  the  right  abutment. 
The  4.35  Inches  of  floodwater  storage  below  the  crest  of  the  emergency 
spillway,  plus  flow  through  principal  spillway,  will  contain  the  maximum 
runoff  produced  by  & storm  in  excess  of  100-year  frequency. 


The  inflow  tydrographs  used  in  the  design  of  this  structure  were 
developed  by  the  method  described  in  Chapter  3*21  of  Section  4,  Hydrology, 
National  Engineering  Handbook. 

• » 

The  flood  routing  procedure  used  in  the  design  is  ^iven  In  Section  3* 
Hydraulics,  of  the  National  Engineering  Handbook. 


The  following  table  gives  the  results  of  the  hydrploglc  and  hydraulic 
determinations: 
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Factor  Surface 

Runoff  Peal  Peak  Elev.  of 

Storage 

Element  of 

Which  De-  Area 

in  Inflow  Outflow  Maximum 

in 

Structure 

r* 

• 

termines  Acres 

Inches  e.f.s.  c.f.s.  Stage 

Ac. -Ft. 

Determined 

jl 

Stage 

by  Maximum 
Stage 

50-year  201 

1970.0 

168 

Invert  of 

sediment 

riser  deva- 

accumula- 

tion 

taring  gate 

Water  55 

- 2015.5 

616 

Crest  of 

A 

j 

supply 

riser 

100-year  186 

- 2060.5 

5066 

Below  crest 

frequency 

of  emergency 

storm  mois- 
ture con- 

. spillway 

: : 

• • 

dltlan  II 

jj 

. 

Greater  221 

2070.0 

7020 

Crest  of 

!j 

than  100-yr. 

• 

emergency 

frequency 

.spillway 

storm  mols- 

% 

ture  con- 
dition II* 

tr 

1.0x9 -hour  227 

7.65  15,659  6600  2071.7 

8090 

Design  high 

1 

point  rain- 
fall moisture 

water 

* 

condition  II 

2. 50x9 -hour  274 

24.17  46,370  45,000  2084.7s 

10,500 

Check  top 

1 

point  rain- 
fall moisture 
condition  II 

of  dam 

j 

1 Borrow  excavation  in  reservoir  provides  248  acre-feet  of  storage. 

zTo  reduce  velocities  in  emergency  spillway* 

3Top  of  dam  set  at  elevation  2084.00. 

% 

The  time  to  empty  the  pool  from  the  crest  of  the  emergency  spillway 

to  the  crest,  of  the 

orifice  is  6.10  days. 

• 

The  geology  report  and  Soil  Mechanics  laboratory  report  were  used  to 

! % m 

determine  the  adequacy  of  the  design.  Copies  of  these  reports 

are  attached. 

• . The  following  publications  were  used  in  the  design  of  this  dam: 

DESIGN  REPORT 


HE  Handbook  No.  5>  hydraulics 
HE  Handbook  No.  k,  Hydrology 
NE  Handbook  No.  6,  Structural  Design 
Technical  Releases  Nos.  2,  5 end  10 

Copies  of  these  publications  may  be  obtained  from  Mr.  Tom  F.  McGourln, 
State  Conservationist,  USDA,  Soil  Conservation  Service,  Richmond,  Virginia. 


Concurred: 


Gerald  £.  Oman 
Design  Engineer 


R.  C.  Barnes,  Jr. 

State  Conservation  Engineer 


Vincent  McKeever 
Hydrologist 


Robert  F.  Fonner 
Geologist 
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Summary  Sheet 


Typical  X-Sect: on 

I.  Watershed  data 

A.  Structure  class 

B.  Drainage  area 

C.  Time  of  concentration  - T 

D.  Hydrologic  curve  number  - C 

1.  Moisture  condi  tion  II  ‘ 

2.  Moisture  condition  III 




17,370  . 

8.6 

71 

88 


II.  Principal  spillway 

A.  Conduit 

1.  Size  (I.D. ) 

2.  Length 

B.  Riser 

1.  Size 

2.  Height . 

C.  Weir  length 

D.  Orifice  size 

E.  Pond  drain  size 


twin  Ug-  I:. . 

625.^ 

10.5x0.0  . 

39.0— 

21.0  _ 


36 -n. 


III.  Emergency  spillway 


A.  Width 

B.  Side  slopes 

C.  Length  of  level  section 

D.  Exit  slope 

E.  Maximum  velocity 

F.  Duration  of  flow 

G.  Frequency  of  use 


215 


variable  I.25  to  2.50 


40 


0.04  r 


at  control  section  ; 

(D.H.W.)  through  emergency,  rprllva.  16.4 

Less  frequent  than  100  year 
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